Abstract. We propose a simple parametrization for the deep-inelastic diffractive cross section. It contains the contribution of qq production to both the longitudinal and the transverse diffractive structure functions, and of the production of qqg final states from transverse photons. We start from the hard region and perform a suitable extrapolation into the soft region. We test our model on the 1994 ZEUS and H1 data, and confront it with the H1 conjecture of a singular gluon distribution.
Introduction
Diffractive events are characterized, in general, by the presence of large rapidity gaps in the hadronic final state that are not exponentially suppressed. These are conventionally ascribed to Pomeron exchange. Diffractive processes in deep-inelastic scattering (DIS) are of particular interest, because the hard photon in the initial state gives rise to the hope that, at least in part, the scattering amplitude can be calculated in perturbative QCD (pQCD). With the increasing amount of data on diffractive DIS [1, 2], we have reached a level of accuracy that provides deeper insight into the nature of the Pomeron and its coupling to partons. Rapidity-gap events make up a sizable fraction of all DIS events, and can only be due to the exchange of some colourless object in the cross channel. The simplest realization of the Pomeron in pQCD is provided by two gluons of opposite color [3] . More detailed models based upon the two-gluon picture have been formulated both for perturbative gluons [4, 5] and for nonperturbative (massive) gluons [6] [7] [8] : for an alternative approach, see [9] . In this paper we take the point of view that perturbative QCD provides a reasonable starting point, as in the more detailed model described in [4, 10] . In the present paper, we develop a simple parametrization based on this model, which can easily be compared with experimental data.
The simplest description of diffractive DIS starts from the process ofproduction. This process is conveniently described in terms of light-cone wave functions [7, 11, 12] in the proton rest frame. The light-cone wave function of the photon contains the information about the dissociation of the fast-traveling photon into partons, long before the interaction with the proton occurs. At the beginning of the scattering process, the photon splits into a quarkantiquark pair. At sufficiently large photon virtuality Q 2 , the quark-antiquark pair radiates additional gluons before it reaches the proton at rest. At the time of the interaction, the partonic system is spread over a transverse area which is comparable with the size of the hadron. One expects therefore that the exchanged Pomeron should be close to the usual soft hadronic Pomeron. However, inside the final state of the partonic system, we expect that there are also "hard" configurations, for which the exchanged Pomeron should behave quite differently. These are final states for which the partonic system is confined to small transverse distances. Examples are longitudinallypolarized vector particles [12] and high-p T jets [13, 14] . In the inclusive measurement of diffractive final states, one sums over both these small-distance and large-distance configurations. So far there is no theoretical framework which allows one to predict the relative magnitudes of the "soft" and the "hard" components of the diffractive cross section, which must be determined by experiment 1 . Since the cross section for the "soft" component is expected to rise weakly with energy for any fixed mass of the diffractive system, whereas the "hard" part should rise faster, the energy dependence of the diffractive cross section may help to determine the relative sizes of the two components.
In attempting to formulate a model that interpolates between these two components, one finds that perturbative models based upon two-gluon exchange, which are valid a priori only for small-size final states, allow a smooth extrapolation into the soft region. Thanks to gauge invariance and colour cancellation, one does not encounter infrared singularities in models forproduction or qqg production, i.e., there is no need for an artificial cutoff. Moreover, the wave-function formalism can be extended to include multi-gluon exchange, which is useful for going beyond the lowest-order two-gluon exchange.
Since the first observation of diffractive DIS at HERA, several attempts have been made to compare the data with QCD-based models. In particular, the concept of the Pomeron structure function and its DGLAP Q 2 evolution has been applied [16] [17] [18] 2] . In these analyses, the diffractive cross section has been assumed to consist only of leading twist. On the other hand, there is strong evidence that, for small masses of the diffractive system, the longitudinal cross section forproduction -although formally of higher twist -is not small compared to the transverse cross section. We therefore feel that a more complete analysis of the HERA data should include the longitudinal cross section, and particular emphasis should be given to the region of small diffractive masses. As a minimal model, one might consider just the production of quark-antiquark pairs, which should dominate the small-mass region. For somewhat larger masses, the production of an extra gluon has to be taken into account. In a future step, one would also have to address the Q 2 evolution of both the transverse and the longitudinal cross sections.
In this paper we propose and test a simple parametrization of the diffractive cross section that is motivated by the above considerations. Stimulated by perturbative QCD, we make an ansatz that consists of four terms, which model both the transverse and the longitudinal cross sections forand qqg production. By treating the overall strength of these terms and the exponent of the energy dependence as a free parameter, we let the data decide which fractions of the diffractive cross section belong to the "soft" and "hard" parts. After a brief description of the model, we compare this Ansatz with the ZEUS and H1 1994 data, and finally draw a few conclusions.
A parametrization for diffractive DIS

Theoretical motivation
The main variables used for the description of diffractive DIS are the total hadronic energy W of the γ * -proton system and the diffractively-produced mass M . In the analysis of the diffractive structure function, it is convenient to use also the variables β and x I P . In terms of W and M , one has β = Q 2 /(M 2 + Q 2 ) and
, where we have neglected the proton mass and the momentum transfer t. To connect these variables with the Bjorken scaling variable x B , we recall that
, which immediately leads to x B = βx I P . Before describing our model in somewhat more detail, we first make a few general remarks. First, we expect the cross section to be dominated by very small t values. After integration over final-state kinematic variables, the t dependence and the strength of the coupling of the Pomeron to the proton will be combined in the overall normalization. Next, the β spectrum and the Q 2 -scaling behavior follow from evolution of the final-state partons, and can most easily be derived from the light-cone wave functions of the incoming photon. This part of our model therefore decouples from the dynamics inside the Pomeron. On the other hand, the energy dependence of the Pomeron, i.e., the x I P -distribution, can be calculated at most only partially within perturbative QCD. We therefore leave it as a free parameter. We have already indicated that, in the proton rest frame, the light-cone wave function formalism provides a nice intuitive description of diffractive DIS. At leading order, when the photon dissociates into a quark-antiquark pair, we have a single color dipole with a certain momentum distribution given by the corresponding wave function. At higher order, more partons are generated and the initial state can be rather complex. At leading-twist level, however, the basic structure is again a single color dipole: all partons (gluons or quarks) but one are located within a small area in impact-parameter space, i.e., at short relative distances, whereas the remaining single parton is well separated. The localized parton subsystem carries color conjugate to that of the single parton, so that one has again a color-dipole configuration. The short-distance evolution within the parton subsystem factorizes, so one only needs to introduce a wave function for the momentum distribution of the single parton. With this simplification, we end up with two basic structures: a quark-antiquark dipole and a gluon-gluon dipole, the latter appearing only at higher order.
In the case of the elementary quark-antiquark final state, the wave function depends on the helicities of the photon and of the (anti)quark. We define left-and righthanded transverse photons by projecting on the polarization vectors (1,i) and (1,-i) (γ = ±1), respectively, and the longitudinal polarization vector is proportional to the proton momentum p (γ = 0). For massless quarks, the spin is orientated along the direction of motion or opposite to it (h = ±1). As variables for the wave function, we use the Sudakov parameters k = αq + β k p + k t with q = q + x B p. In the proton rest frame with a fast-moving photon, the parameter α is of the order unity and denotes the momentum fraction of the photon momentum carried by the quark (Figs. 1a, 2) , whereas β k is small and may be neglected. Using a complex notation for k t : k = k x + ik y , k * = k x − ik y , one finds for the transverse photon (see also [11] ):
